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FRRAESF o 3T 1,90 d A1 180 d ¥ 3 1156 19 8 Jic R AL 205G SEAL DN 7 408, W i T CXXCO SE R 1) k% , Of 8
i ST P2 B PCR(QRT-PCR) VA T 90 d B ¥ F A& O T G Al VB WL IR AL 8Uh CXXC5 3R I 3R 5
Ko AWE B BT 85 R BoR i CXXC5 8 143 F it o 32 968.81 u, 57 FL 5 9.35, F 2@ 7 T 4 Il 4%
JE— A KRR A WA AR LSRR, TE A A | e B AT A 5 A BB T A R S s A Ry
K. gRT-PCREZER BIR, CXXC5 HHTET KU 90 d F ik i, 180 d ik B Ak ENFIE iy 5 7
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Bioinformatics Analysis and Expression of CXXC5 Gene in Jinfen White Pig
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LI Bugao"?,CAO Guoging"*,LU Chang"*
(1.College of Animal Science, Shanxi Agricultural University , Jinzhong 030801, Chinaj
2.Shanxi Key Laboratory of Animal Genetics Resource Utilization and Breeding , Jinzhong 030801, China )

Abstract: CXXC5 is a protein containing CXXC-type zinc finger domain, which is involved in many biological processes
and plays an important role in gene expression regulation. In order to study the biological characteristics of CXXC5 gene and its
expression differences in different developmental stages and tissues of Jinfen white pig skeletal muscle, in this study, a
comprehensive analysis of CXXC5 gene was carried out by a variety of bioinformatics software, including protein physicochemical
properties, subcellular localization, signal peptide prediction, and secondary and tertiary structure characteristics. Based on the
transcriptome sequencing data of longissimus dorsi of 1 d, 90 d, and 180 d Jinfen white pigs, the expression profile of CXXC5
gene was constructed, and the expression level of CXXC5 gene in heart, liver, spleen, lung, kidney, back muscle, and back
fat tissues of 90 d Jinfen white pigs was evaluated by real-time quantitative fluorescent PCR(qRT-PCR). The results of
bioinformatics analysis showed that porcine CXXC5 protein was with molecular weight of 32 968.81 u and isoelectric point of
9.35, mainly located in the nucleus, was a hydrophilic non-secreted protein and unstable. Random coil, « helix, and extended
strand were the main ways to constitute the secondary and tertiary structure of this protein. The results of qRT-PCR showed
that the expression of CXXC5 gene was the highest in longissimus dorsi at 90 d and the lowest at 180 d. The expression level
was significantly higher in liver than that in other tissues, followed by back muscle, and relatively low in lung. In conclusion,

the expression of CXXC5 was significantly different in different developmental stages of skeletal muscle, and it was one of the
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important regulatory factors in the growth and development of skeletal muscle.

Keywords: Jinfen white pig; CXXC5 gene; bioinformatics; protein physicochemical properties; subcellular localization; sig-

nal peptide prediction
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HEER. S0 WU R ™ & 3R
U, 24 ok MR T B0 4096, S ALK S5 R Y 4l U R &
BRI S S g P, S NS ER A TR B B i
FIRVE SR ™, e KL 4R B, 52 m i 1
Az RE R UL IR B A, — LR F AR A R G
R = g 3N RAER = s A b A S R S
KRB — B 3h st AL R U 5 Y N
Z—.

CXXC5 J& — & 47 CXXC 48 45 # 38k (ZF -
CXXC) B FH AR B . CXXC 8548 38 19 1F 5% 46
T 20t 22 90 AEAR, B2 K R A% 45 1y Sl e 8 45 5+
P45 A DNA, JUHJZ 78 K B 5 1) CpG & X 3,
AT 6 2% W 33k 4% 81 9 o & 45 DG BEVE . CXXCB
1B CXXC EEM G Z — e P i . 21
4], CXXCH FEPTE N2 R/ B i) o B S H AR
K ORI ) Ty g O 9Y 8 R T . CXXCS fig
P8 5 TGF-RY Wit f1 ATM-p53"/7E P 1Y
2 P55 i Sk B A R A0 A AN B R A A b
5 Dvl&E HAHE AR, 3 ] Wnt/B-catenin {5 5 i&
T, 5% ) S 4 MY & B R R R A i B B
CXXC5 38 i 18 4% 40 i 3% 58 43 Ak R T2, 72 41 41
EKBEESRESPREEEXEENEN. AR
it FH ¢ 6 3R il ik PR 4 45 5 I 8 CXXICS A RE 2
S5HE S, R CXXC5 By Fik B Hm 1T
O JUE T 8% WL 23 Ak A - 3 I I 4 B TR I o ik 0
PE T CXXCS5 (1) RNAT 48 B 8 5 3 258 00 2 1
SER AR, AR b B S K O WLET 4 Ak i 3R
Ik K 0 WILET 4 Ak %) 52 i K 7T BE AL i (4 BIF 5%
H, ok BT 38 CXXC5 ] 3@ i 4 TGF-p1/
Smad7 {5 *5- 3 B , T30 0 B B 2 oK RO ILET
YAl UEBH T CXXC5 J& 0 F B 8 0 WLET 2 Ak 1 v
FEAE S,

I Ak, CXXCS W F 52 38 3 £ F B 90 HoAE B
R T R R ORI R B X B AR R
CXXC5-ZNF143/EGR1 fh JE 5% 9K 2 619 55 40 g 34
B b JRE A A 1) 2, I R R CXXCB S R S0 TR
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IF 1Y W TR 6 97 HE A1 CXXCS g% 41 1 48 F 1
i B R A AR B T R R M R e 5 R
KRB — A EE P,

By E K D B RS K AR
FIREAE SR A | 38 2 2% 3¢ 358 75 1 B A — g i
HA R T =7 2 K E SRS Har,
KT CXXC5 I KA F7AF B H 3% 38 3% 15 B 7 5
B BT 5% 400 B A B, CXXCS 76 8 1 B 88 LA K
KA A Re R E AR HEAARAE MRS B
AYEE ., I, 6T CXXCH 5 X5 Uy 145 5 %
WUAE K & & 5% i 1) 0] AT 75 ZEER AR5 o

AHEGE A YR B T B N H
CXXCS5 8 [ iy B A H AL PE BT M 45+, FH gRT-
PCR £ R KM CXXC5 R EF B A AR AT
By B I i i LA 20 Hp 363k 1) 20 25748 Ak K FE R [R) 41
Ay 22 R RIAE N, BTE N IR A CXXCS K
14 Ty B $2 41t B 25U, O s CXXCS BRI 7R
B LA K & R R 4 AL 4R S R R R
AH OG99 09 AL T BIF 58 FIG 97 H A S

L AR

L1 REshmEEmEE

e o Ll PG R (R o8 37 B At A U R 93k
J& S R AL 1,90, 180 d Byt I L B LB LY
U AR 3 7 Rl A U8R B L A B0 D A
U, T80 CLR-AF# I
1.2 2 RNAREUK cDNA &

K I Trizol & M U 4 AN [R] 2 40 b i U
RNA, F I ND-1000 4% 2 8 1 5 48002 B RNA
(89 OD g0 000 H , B RNA Y 400 B |, i HEOR 5 %t 5
R ERAE L AT S 5 i cDNA L 55 148
WA £ 10 pl: RNA 500 ng, 5X gDNA Eraser buf-
fer 2 pl.,gDNA Eraser 1 pL., fill RNase Free ddH,O
F 10 plo RN IR RS E 0,42 °C 2 min,
4°C 5 mine #5228 RN R 20 pL: 55 148779
10 pl., RNase Free H,O 4 pl., 5X PrimeScript Buf-
fer 2 4 pLL, Prime Script RT Enzyme Mix 1 pLL,RT
Primer Mix 1 plLo SR F2JF :37 °C 15min, 85 C 5 s
cDNA 47 T-20 C.
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1.3 CXXC55|¥i&it 56/

MR 2 [ [ 58 A W B AR AR B 0 BOHE B
CXXC5 5 I 7 &) #F 47w, I9f H {4 A Primer
Premier(v6.0) #4751 9% i1, 51 ¥ F 51 W3 1, 5]
Wy ¥ eR LA TR A R

F1 B CXXC5RESIY
Tab.1 Primer used for cloning of porcine CXXC5

1% Primer 5I¥ 5 (5'—3")  Primer sequence(5'-3")
CXXC5 F:AGAAGGTGATGCTTCCGACG
R:CATCCGTTTTGTCTTCGCCC

1.4 qRT-PCR

qRT-PCR JZ i #& & 20 pL:cDNA 3 plL,2X
SYBR qPCR Master Mix 10 pl., F F #7514 4% 05 pl.,
RNase Free ddH,O 6 pLo W FEJF : 95 “C i 42 4
30 5595 ‘CAEME 55,60 Cik k 31 s, 72°CHEfii 25 s,
A0 E P .
1.5 S¥MEEZESH

fi 4] Clustal W K 44 44 22 K [8] 9 Fh b CXXCS
[v) 5 35 DL 1% 2 4 AR R, DL T A 3 2 3 PR 22 (] Y
HEAEOC &R SR PR R BE o R JH ExPASy il 55 a4 B 1Y
ProtParam T. EL 43 Mt CXXC5 2 [ #9 FE A 1y B AL 7
PEBT, 40y 7 BT S L A (pl) & R 21 5%
i 3 SignalP 4.1 i)k 55 #% B0 CXXC5 8 12 & &
B A5 5 K S HL TR A A, B AR BRS04 WL
il o f# ] ProtScale T. H. Xt CXXC5 & H #E 17 5 /K
P4 #r, F PSORT 1 prediction i ill CXXC5 &
F1 T 48 e 5 Ao, BB 2 28R R R RE A AE T4
JtL PR WA 4y o 4 B SOPMA Fil Swiss—
model T Il CXXC5 E IR 90 45+ Ff AE R = 9%
SERRAL
1.6 HIEAIEBES D

5 PCR 45 R 04k >k H] SPSS 22.0 # it
AT Ak, 5 PR 2 5 28 43 Bt 4% AN TR) 119 22 5%

2 HRE5HM

2.1 BCXXC5EFEEMERENH

2.1.1 CXXC5 RN RZG AW W H & 76 A BT
g, B A o Ui e) 38 B R AR YRR B ol
(NCBD) Y GenBank 548, 30148 4= R X9
NN TR X 8 A W R CXXC [ Y5 5k PA] e
0 B T A R B AR 2, AR R IR B0 BT I
FEnhghE . FIH 2 P8 HexT T B ClustalW % i

B BT AN AT A A o BT X AR Al
e RAUSR VLR B T RGBS (181 1), B0 H R
TR Y A 3 T CXXCH B B R % KA
iR WIR M CXXCE5 54 FZH M ELZ LR
I AT, R WX 3/ W FL 3 W i CXXC5 7E #E 4k
Dt B — A EGE S E A e G B E TR
CXXCS5 8 H 7 91 22 30 3 B2 (9 Of <1 M FHAR L 5
HWAR KBS AR ML Z T 51 CXXC5 508
Z [6] 1) 5 2 G 22 B . B it O

K2 AEYHCXXC5EREBEART
Tab.2 Protein sequences encoded by CXXC5 gene in

different species

Pifp Species kY5 Accession number
A Chichen XM _046927243.1
/N Mouse NM _001007628.2
A Human NM _001317207.2
¥ Pig XM _021084872.1
2 Sheep XM _042250956.1
4 Cattle NM _001038176.2
B Cat XM _023255761.2
R Dog XM _038658597.1
0 XM_046927243.1
(0.43487875)
) ———0 NM_001007628.2
0.19291125 (0.0943925 )
(100) NM_001317207.2
0.0538493( 0.0623287 )

(100) 6 XM_038658597.1
0.0300997 (0.0496726 )

(56.4) ——0 XM_023255761.2
(0.0515163 )

0.0241651 —0 XM_021084872.1

(95.6) (0.0649886 )

0.0483322 XM_042250956.1
(99.7) (0.0399118)
0'?91?;(‘)6)57 NM_001038176.2
(0.016309 )

1 CXXC5ZEHZRZHMLM
Fig.1 Phylogenetic tree of CXXCS5 protein

2.1.2 CXXCS5HE HMAIAER 54T @) Ex-
PASy & 55 #% # 19 ProtParam T. %} CXXC5 & H
JoT BEAT BAL PR BT A3 AT L 45 R R W] (R 3) , CXXC5 &
FIoE R 322 A KRR sk R A R, Hoh AR
(Ala) B He i Fe 85, 0 16.1% 5 (0 2 B2 (Trp) B L4
AR, M 0.3% . CXXCSH M5 FHH CrunHazoNozs
OusS1s, 73 F 4 32 968.81 u, B 45 1 45 (p1) Ky
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9.35, 1F 1 HL 5% HE B B0 ol 37 .26 4, SR K PE B
S RFHN-0.268, N FREFREHCHN 50.68, L T 40

b i B {E, WX E A AR EE A .

F3 CXXC5ERFEHMEARNIERAN
Tab.3 The amino acid composition of proteins encoded by CXXC5 gene

Z A Amino acid

B /A Number &t/ %  Proportion

FHR  Aminoacid & /4 Number [HH/%  Proportion

Ala(A) 52 16.1
Arg(R) 16 5.0
Asn(N) 10 3.1
Asp(D) 8 2.5
Cys(C) 8 25
GIn(Q) 11 3.4
Glu(E) 18 5.6
Gly(G) 35 10.9
His(H) 6 1.9

Ile(1) 7 2.2
Leu(L) 27 8.4

Lys(K) 21 6.5
Met(M) 10 3.1
Phe(F) 9 2.8
Pro(P) 19 5.9
Ser(S) 39 12.1
Thr(T) 9 2.8
Trp(W) 1 0.3
Tyr(Y) 3 0.9
Val(V) 11 3.4
Pyl(O) 0 0.0
Sec(U) 0 0.0

2.1.3 CXXCS5HEFFES s FIJH SignalP 4.1
IR 55 % B2 7 X3 45 CXXCS 2 (A Ut A7 05 5 Mk 3 4y
Br, DOIWAR 1% 8 1 2 & B b Be s, S5 R R
([#2),CXXC5 & 11 N i A A7 7E W] 5 (1945 5 Ik
L AR EE S I8, R i s T
B W

SignalP-4.1 prediction ( euk networks ) : JE4) Sequence

" C—score
1.0t S—score
Y-score
0.8
0.6
L
.‘\JE t§ 04+t
0.2} 1
e T o
MSSLGSGPQDTGGSSSSSSNANGSSGSGPKAGVADKGAAVAAAAT PASVADDAPPPXRRNKSGI ISEPL

0 10 20 30 40 50 60 70
fiE

Position

2 CXXC5EBESKAH
Fig.2 The protein signal peptide analysis of CXXC5

2.1.4 CXXCS5EM¥E BAKMESHr I ProtScale
T HXF CXXC5 & [T #4723 /80 K 2 43 b7, 25 S
B 3R, CXXCH 2 i 322 4 & FE i 5k FL 4Lk,
BA BRI T 1A SRR R4 15 50 e Iy
JE 5 258 I E LR , N -2.956, KX A E
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o B R OK WAL B AR R A 111 A R 112 7 2
FEWR 1915 0 e, ¥ 1.956, i HY A 14 B K
PE o X o A BRI R T CXXCS 8 H T BE
17 7F T Al 38 8 25 F R AT, 33X 2 IX 38 A9 R [ 2% /15 7K
PEG AT BE S H = 4 & 5 HAb 4> T 09 A B4R
FHUA B e 4 Dy e s B = AR 2 sg . ifF — 20 0
SRR FE AR 322 N E R D A L B
REERAF /N T 0, 3X R Y] CXXCS5 M F &K il
] F SRR

ProtScale output for user_sequence
f Hydropath. / Kyte TDoolittle

50 100 150 200 250 300
(AL
Position

3 CXXCsEHBKMEEE
Fig.3 The protein hydrophobicity atlas of CXXCS5

2.1.5 CXXC5HEMAWAME MM HPSORT II
prediction % {72 F¢ XF CXXC5 25 1 #F 47 W 40 g 5
AL, 45 5 R (8 4) , CXXC5 2 A Al fig £ B A7
FE T 40 A% N, B 3R = 3k 78.3%0, R B CXXC5
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AR AT BE 7 40 O A% v R 45 AR W 2 T e

Results of the k—NN Prediction

K=9/23
78.3%: nuclear
17.4%: cytoskeletal

17.4%: vesicles of secretory system

33 prediction for QUERY is nuc (K =23)

4 CXXC5ZEAILHAE
Fig.4 The protein subcellular localization of CXXC5

2.1.6 CXXCS5HEHMIMmALEEM  FIHSOPMA
B X CXXCS 2 R g #g ok A7 7 30 43
M, 25 9 o (LS, TR0 5 il 5 e,
43.8%0 , I o MR TE , 7 ELA5 A (10 42.6 Y0 , 4T 1 i
o7 L AR X AR, S 8.1% . X CXXC5 & 1 ifF 47 =
Gr LER TN, 25 SR ARAS T CXXCS & (A n fE ) = 4k
LAY CXXCH 8 MR — A8 2= A P 1925 8]
P4, o o BB E R JE KU il R T R
PE(E6).

10 20 30 40 50 60 70
I I | I | I I

MSSLGSGPQDTGGSSSSSSNANGSSGSGPKAGVADKGAAVAAAATPASVADDAPPPXRRNKSGIISEPLN
eeee eehhtthhhhhh hh ee
KSLRRSRPLSHYSXFGGSGGSGGGSYLGGESAEKAAAAAAAAS LLANGHDLAAAMAVDK SNPTSKHKSGA
hhh hhhhhhhcchhhhhhceeeccchhhhhhhhhhhhhhhhttchhhhhhhhh hh
VASLLSKAERATELAAEGQLTLQQFAQSTEMLKRVVQEHLPLMSEAGAGLPDMEAVAGAEALNGQSDFPY
hhhhhhhhhhhhhhhhhtccchhhhhhhhhhhhhhhhhh hhhhhhhhhht e
LGAFPINPGLFIMTPAGVFLAESALHVAGLAEYPMQGE LASATSSGKKKRKRCGMCAPCRRRINCEQCSS
et tteeee eeehhhhhhhhhhh hhhhhhhhhtt ttecctteocee
CRNRKTGHQICKFRKCEELKKKPSAALEKVMLPTGAAFRWFQ

tt hhhhhhhhhhtccchhhhhhee hhhee

h.a— 88 s e. WA 4E o TS i st 3-F5 £
h. Alpha helix; e. Extended strand; c. Random coil; t. Beta turn

E5 CXXC5&H LM
Fig.5 Secondary structure prediction of CXXCS5 protein

E6 CXXC5EH=LZEHEN
Fig.6 Tertiary structure prediction of CXXCS5 protein

2.2 ¥ CXXC5ERMRIEFESH
2.2.1 TP AR CXXCS5 3 H /Y B 3238 550 4
B KA P CXXC5H P TE1.90.180d
ek NE 7 BRI K8 CXXC5 3
1E 90 d 1Y 3k & ) 2 3 m T 180 d(P<<0.01) , 7E
90 d Fik B, 7 180 d ik Mk .

5

I e

ARG B R %I ] 0.01 7K 22 7 il B 2 (P<<0.01)
Different lowercase letters indicated extremely significant dif-

ferences among the times at the 0.01 level(P<<0.01)

BE7 CXXC5EREEFHEFRIXE
Fig.7 Temporal expression profile of CXXC5 gene in

back muscle

2.2.2 U EME CXXCS5 3 H B 41 2 3 3k 450 4
B CXXC5HEHTE 90 d & U H B & A4 il Gk
BN E 8 7R , CXXC5 H& R7E 5 ¥y (48 I IE 3%
WL 2235 A B 35 & 0 B IERT T s (P<<0.01),
T N JIE 40 it U v e 8 i AR IR

20
= 15k 2 a
7 N
i =}
&€ poF b \
=z \
oo 2 C
3 \ e
= Sk \
§ d
4 e
. NN [ s % ,
Vs X ASIPRN G oD
o & o oo N \e“/)% & /)% P
RN SRR %@&& R
el
Tissue

NI/ o BERR R % 2 ATE 0.01 7K 28 5 AR 35 (P<<0.01)
Different lowercase letters indicated extremely significant dif-

ferences among the tissues at the 0.01 level(P<<0.01)

B8 CXXC5EFEHERFRIKE
Fig.8 The tissues expression profile of CXXC5 gene
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CXXCS5HA T Z MY 46, L5555
SRR T A0 RE A AN i A AR U, 6
P4 S OB 2 i1 RTINS s |
Iy A HR B BRI, AR AT T CXXCS
JE DRUAE W i 8] 0 7 0 DR ST M L R B FL S AR AR A
AW R T IR RGO R, HAEM Lk
FEA QA WA KA 53 5 B . CXXC5 Al
AeEEH  AGHFESK, 8 TESWEN. F5
Jik R 2 N S 19— B g Kk M 2 L R A 0% X ek
BTG 5| 5 e 20 PN s Y, AR o R R
/N CXXCS5 AT RES 5 4 MLy (9 AR W b 72, o 6 PR 5k
IRV A R UG . AN, CXXCSE A
OKMEE L, WA %R H ] e HOKAHE O B
WA Yy 4y A AE 4 T sl 3 il K A B B
PSORT I i 0 45 5 /s, 3 CXXCS & H H A
. 5 1 40 A E A ), 2R BB AR RTRE 2 5 Al i
N A i A8 I DNA & il e sk P8 (RNA
T DA R b g o i AH i sh . DA MR R B,
CXXC5 128 or T 4H i A% Fi 48 i 5T v, HLFT A 3%
K CXXCS Y 20 A% 34 H BT 200 A% o 4 5%, 3%
Bl CXXC5 68 2 5 40 M 8 =% & J5 , 0
CXXC5 8 1 g 45 #4322 0 0 HIL I 2 il 25 4, L
UMK Ry - BB TE 0 40E {1 B 25 ), 25 M 8 R R %,
e S 5 2 2= 0 45 W 28 BN 22 AR ) 2 i AR

TIEBERNEZEZWERILZ —, ) Z M H
TN R E A KRR R,
T fe K WUVE b i B LA AR SR 41 40, 9 F F 40 it
CXXC5 HHNEE i A B #IA K LT h RS
A5k . qQRT-PCR A& CXXC5 FE R £ 1,90.180d
WA LT R RGN, K BAE 90 d B
CXXC5 S W) 2R 3b e e i8] T 34N [E] A5 rh
IUEAE , 180 d Bf Rk f e fik . 90 d B, ¥ ¥ F M b
TR A K] LA ILET ZE B AR ORI
BT PR R R B ILR TSGR BY B
CXXC5 N F ik 3 LTI IR B0, L0 H
A BB 7E B R LR A R R LT 2 1 R R
A VR A T B A O 4 A0 8 5 | b R
510 #% (4 Wnt/B-catenin 18 #% ) ¢ A2 2E 8% LY
EEH. 180dH , EH A B HRIETEE BT
B, CXXC5 P ik T 2 0KF, al g 5 H
TEH B LAF P I TS A K

+ 62

EAE M FRW, CXXCH1E A4 41 h ¥ %
kK, HENA VB B8 m R, X RV HAEA R
HAUh B TDIRE" . A T CXXC5 56 7R 1
FI4% 90 d B AS [ 20 2 i 32 35 A8 Ak, J 3 HAE 7 8D
WA ¥ Rk HEA D25 RS I
H 2 IR AH X R e A T R U e SRk R AR
JHF JOE 2 4 P9 AR5 1 A0 2 B L A IR RS LR A
Rk RS HEE M EME R LT P E
SR IR G o A B, JBLE R I ) 2 TR S
325 RN WS R DG T I 400 B A R A O AR R
CXXC5 FER X 2 Fl 1 21 b IR R 38 7T fig 5 1)
RETE X S A h R RS A L. B,
CXXC5 HF B W AR H L i Rk 2 7%
Be T HIp R AL R, N PR FmRARRE
CXXC5 He P TEH s LA K & & i i W AE e 45 HIL I
7317 i E 2 O

ARWFFEH R T CXXC5 FHH (1) £ Fb 56 SR
IFXF HAE T U AN R A 80 B Rk i AT TIR A
3, WF5E 22 B, CXXCS af GE 3l 12 5 i 20 it 5 5
MS 5 ZMAE 5855 N EaHsLnEREE
R EEN . B IVE R ET ot
FE A, B, T RHEHRIARK LT N
¢ T 22 b A TR TR AR ST B LA M o3 e AR v
s i PR A UL ER 17 DL KR B LT 2 25 LD i
St RO AH DG B DR ) 3R 3K R R A5 O Y. AR g 2
TR B CXXCO FEHFTER T AL T TR
Ay F AL AL T AR L 38 o HoAb ) B CXXCS TR
IR B T Re i pF e 4 4 T =% B Tz 1
HI S AR .
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